INTRODUCTION {#sec1-1}
============

Gliomas are among the most prevalent primary tumors of central nervous system (CNS). Glioblastoma multiform (GBM) as the most fatal malignant primary tumor of CNS, consists 54% of all Gliomas.\[[@ref1]\] This tumor can originate from normal brain cells or develop from an existing low-grade astrocytoma.\[[@ref2]\] There are several possible risk factors such as prior exposure to radiotherapy for GBM; however genetic background could be considered as an important predisposing factor in GBM.\[[@ref3]\] The current treatments of GBM only provides a 12--18 month survival period postdiagnosis.\[[@ref1]\] In spite of surgical treatment and chemotherapy, almost all GBM patients undergo tumor recurrence.\[[@ref4]\] This necessitates more investigation to define molecular pathogenesis of this malignancy.

One of the most important molecular changes that occur during carcinogenesis is reprogramming of cell\'s metabolic pathways. In this process expression of some genes that control key metabolic pathways like glycogenesis, lipogenesis and nucleic acid synthesis is changed. These changes are thought to be adaptive changes to cope with new situations and cause more aggressive phenotype.\[[@ref5]\]

Autocrine motility factor/phosphoglucose isomeras (AMF/PGI) gene shows increased expression in cancerous cells. This gene codes glucose-6-phosphate isomerase; an enzyme which catalyzes the conversion of glucose-6-phosphate to fructose-6-phosphate in glycolysis and gluconeogenesis pathways. The product of this gene in nervous system acts as a neurotropic factor.\[[@ref6]\] Also it acts as maturation factor (MF) that causes differentiation and maturation of human myeloid leukemia cells.\[[@ref7]\] It was shown that P53, a tumor suppressor gene, is regulated downstream to AMF/PGI. Also P21, a cyclin dependent kinase, exhibited increased expression in AMF/PGI knock downed cells.\[[@ref8]\] These findings are consistent with a role of this gene in cell-cycle regulation.

AMF receptor (AMFR/gp78) is a cytokine cell membrane receptor for AMF/PGI that plays a possible role in various physiologic and pathologic processes like: Signal transduction, cellular motility, and metastasis.\[[@ref7]\] AMFR also expressed in the surface of endoplasmic reticulum as a part of E3 ubiquitin ligase.\[[@ref9]\] Here by making a connection to KAI1 (CD28), a tumor suppressor protein, causes its degeneration. This is the possible mechanism for the roll of AMFR in metastasis.\[[@ref10]\]

Regarding to the possible role of AMFR gene in carcinogenesis and the importance of determining molecular pathogenesis in GBM patients, the aim of this study is to investigate the association of 2 single nucleotide polymorphisms (SNPs) (rs2440472, rs373191257) of AMFR gene and GBM in a representative sample of Iranian population.

MATERIALS AND METHODS {#sec1-2}
=====================

Ethical approval of this study {#sec2-1}
------------------------------

The protocol of this study was confirmed by regional ethics committee of Isfahan University of Medical Sciences (293404). Before enrolling the subjects to this study, they were informed about the goal of this study and the process of collecting samples. Informed consent was taken from subjects.

Subjects {#sec2-2}
--------

This case-control study includes 81 cases and 117 control subjects.

47 paraffin embedded brain tissue samples were taken from pathology Department of Alzahra University Hospital (the major referral hospital of Isfahan University of Medical Sciences). Pathologic diagnosis for these tissue samples was GBM. These samples were taken from 2013 to 2014. Blood samples were taken from another 34 GBM patients, who were under chemotherapy and radiotherapy regimens from Milad Hospital, Isfahan. These samples were taken from 2013 to 2015. Two mentioned hospitals are 2 major regional referral hospitals in center of Iran. One-hundred seventeen blood samples of coronary artery disease negative individuals (their angiographic reports don't show any coronary arterial disease) who had a negative history of cancer and neurological symptoms, were used in this study as control group. These samples were taken from Selenegene study.\[[@ref11]\]

Genomic DNA extraction and genotyping {#sec2-3}
-------------------------------------

DNA extraction from brain tissue samples was performed using paraffin embedded tissue - DNA extraction kit (Yektatajhiz Inc., Tehran, Iran) and for whole blood samples, blood - DNA extraction kit (Yektatajhiz Inc, Tehran, Iran) was used according to the manufacturer\'s protocol. NCBI Gene and Ensembl databases were used to detect SNP1 (rs2440472). SNP2 (rs373191257) was selected according to a previous study. In this study, rs373191257 was identified as a mutation in cancerous patients.\[[@ref12]\] Primers were designed by Beacon Designer v. 8 (Premier Biosoft International, Palo Alto, California, USA). Primers' sequences are shown in [Table 1](#T1){ref-type="table"}. The amplicon length for SNP1 (rs2440472) and SNP2 (rs373191257) were 228 bps and 221 bps respectively. Polymerase chain reaction - high resolution melting (PCR-HRM) reaction, as an SNP detecting method,\[[@ref13]\] was performed on 198 samples (81 cases and 117 controls) by Rotor-gene 6000 (Corbett Life Sciences, Australia). Type-it HRM PCR kit (QIAGEN Inc., Germany) was used in this study. In this reaction final volume was set to 10 μL (2 μL of genomic DNA containing 20 ng of extracted DNA, 2 μL of RNase free water, 1 μL of primer, 5 μL of HRM master mix). Temperature program for PCR stage of this reaction was as following: 15 min at 95°C (Holding stage); 40 PCR thermal cycles (10 s at 95°C, 30 s at 65°C, 20 s at 72°C). At the end, HRM stage of this reaction was performed from 70°C to 90°C with increasing 0.1°C at each stage. PCR-HRM reaction results analyzed by Rotor-Gene Q Series (Corbett Life Sciences, Australia) Software program. For each SNP, 12 samples selected for sequencing. DNA sequencing was performed by Bioneer Inc. Korea.

###### 

Primers' sequences
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Data analysis {#sec2-4}
-------------

All the data analysis was performed with SPSS software version 18.0 (IBM Inc., New York, United States). Hardy-Weinberg equation was tested to compare the observed genotype frequencies to the expected ones by Chi-square analysis. Chi-square test was used to find any difference between allelic and genotypic frequencies among cases and controls. Logistic regression analysis was used to analyze the effect of AMFR gene polymorphism (rs2440472, rs373191257) on the susceptibility to GBM after adjustment for sex and age. *P* \< 0.05 considered statistically significant.

RESULTS {#sec1-3}
=======

In the present study, AMFR rs2440472 and rs373191257 gene polymorphisms were investigated in 81 patients and 117 healthy controls. Demographic characteristic of all participants is shown in [Table 2](#T2){ref-type="table"}. Genotypic frequencies of cases (*P* \< 0.01) and controls (*P* \< 0.01) were not consistent with Hardy-Weinberg equation. Difference in sex between two groups of this study was not statistically significant (*P* = 0.258).

###### 

Demographic features of participants
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[Table 3](#T3){ref-type="table"} demonstrates the allele frequencies and genotype profile of cases and controls. For SNP1 (rs2440472), 82 individuals were observed with GG genotype and 116 individuals were observed with GA genotype. For rs2440472 frequency of GG genotype in the case group was increased compared to the control group by using a Chi-square test (51.9% vs. 34.2% respectively, *P* = 0.013). Actually in this investigation, increased occurrence of the disease was observed with GG genotype (odds ratio \[OR\] = 2.073, 95% confidence interval = 1.161--3.701). After adjusting for sex and age by logistic regression our results were the same (*P* = 0.017, OR = 2.056). Complementary analysis, by adding age and sex to our model in logistic regression analysis are shown in [Table 4](#T4){ref-type="table"}. Allelic frequencies for rs2440472 among cases and controls were not significantly different using a Chi-square test (75.9% vs. 67.1% respectively, *P* = 0.058). For SNP2 (rs373191257) all individuals in case and control groups showed homozygote wild type genotype (TT).

###### 

Allelic and genotypic distributions in case and control groups
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###### 

Logistic regression for genotype analysis
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DISCUSSION {#sec1-4}
==========

After analysis, our data showed a possible relationship between AMFR gene polymorphism and GBM. This relationship was shown in genotypic frequencies of SNP1 (rs2440472). The mutant heterozygote genotype (GA) was significantly higher in GBM patients. About SNP2 (rs373191257), our study didn't show any difference between allelic and genotypic frequencies, because all the individuals showed the same genotype (TT). This is possibly due to very low Frequency of mutant genotype in selected population. We believe that this is the first paper that investigated AMFR gene polymorphism in GBM patients. Earlier studies investigated role of this gene in pathogenesis of other cancers.

AMF participates in different molecular pathways during tumorigenesis. AMF, by binding to its cell surface receptor (AMFR) enhances metastasis.\[[@ref7]\] Via a mitogen activated protein kinase pathway, AMF induces Matrix metalloproteinase 3 expression. This protease destructs basement membrane and extracellular matrix and possibly promotes invasion of cancerous cells.\[[@ref14]\] AMFR is also defined as a dowstream target of miR-139-5p in colorectal cancer. In this cancer, MiR-139-5p suppresses cellular invasion and metastasis by down regulating AMFR and NOTCH1.\[[@ref15]\] AMFR regulate ROCK2 expression. ROCK2 via its downstream target cofilin manipulates cell motility. Also, AMFR controls cell adhesive properties by upregulating E-cadherin and intercellular adhesion molecule-1.\[[@ref16]\] AMF overexpression mediates epithelial to mesenchymal transition\[[@ref17]\] by upregulating ZEB1/ZEB2 as a downstream target of miR-200.\[[@ref18]\]

A study by Kara *et al*. showed an association between AMFR and vascular endothelial growth factor (VEGF) expression levels.\[[@ref19]\] AMF is upregulated in hypoxic conditions as a downstream target of hypoxia inducible factor-1 and VEGF. By this mechanism hypoxia enhances invasiveness of cancerous cells.\[[@ref20]\] AMF induces fms like tyrosine kinase (Flt-1) expression by activating phosphatidylinositol 3 kinase and protein kinase C. Flt-1 is known as VEGF receptor.\[[@ref21]\]

AMF also mediates cell cycle regulation. In a study, reduced p27Kip1 expression was observed in cells with induced AMF expression.\[[@ref22]\] By activating ERK, AMF promotes G1/S phase transition.\[[@ref23]\] AMF protects cells from apoptosis via PI3K/PKB pathway.\[[@ref24]\] Apaf-1 and caspase-9 are two proteins of the "apoptosome" complex. AMF by downregulating these proteins, could protect cells from apoptosis. This mechanism is suggested as a novel route of chemotherapy resistance.\[[@ref25]\] Also, anti-apoptotic properties of AMF plays a pathogenic role in other disease like rheumatoid arthritis.\[[@ref23]\]

AMF and/or AMFR showed increased expression in breast cancer,\[[@ref26]\] gastric cancer,\[[@ref27]\] nonsmall cell lung cancer,\[[@ref19]\] and many other cancers. In these studies, patients' clinical outcomes, survival rates, and metastatic ability of tumors were in negative relation with the degree of expression. In a study, metastatic ability of sarcomas was related to AMF expression level.\[[@ref28]\] In another study, Kho *et al*. showed that AMF overexpression causes resistance to trastuzumab in breast cancer patients.\[[@ref29]\] Ascites accumulation as a complication of some solid tumors was observed in higher AMF expression levels.\[[@ref30]\]

So, it seems that AMF and AMFR has an essential role in molecular pathways of carcinogenesis, patient outcomes, and treatment complications. AMF and AMFR could be a potential diagnostic and/or therapeutic target in cancers especially malignant ones like GBM.

Previous studies mentioned, the occurrence of GBM is considerably high in different populations.\[[@ref1]\] But because this tumor is the most fatal primary tumor of brain tissue, nearly all the patients die in the 1^st^ year after diagnosis. Because of this matter, the prevalence of GBM is low. In the 2 years that we collect our sample size we cannot find much patients alive to complete our sample size. Then we decided to use not only blood samples of alive patients, but also the samples from died patients. The only sample that we could find from these patients were brain tissue samples that were used to confirm the pathologic diagnosis of the patients. After data analysis, for rs2440472 the difference between genotypic (47.1% vs. 55.3% respectively, *P* = 0.505) and allelic (71.6% vs. 79.5% respectively, *P* = 0.271) frequencies were not statistically significant between blood and brain samples. Because of this matter we decided to compare control samples with all of the GBM samples (without separating analysis of blood and brain samples). Another limitation of our study is that our data was not consistent with Hardy-Weinberg equation. Small sample size and limited participated ethnic groups were other limitations of this study. It is notable to say that, due to mentioned limitations, our results are preliminary. Studies with larger sample sizes and more diverse ethnic groups are needed to confirm our results.

CONCLUSION {#sec1-5}
==========

In conclusion our data for the first time, demonstrated an association between AMFR rs2440472 gene polymorphism and susceptibility to GBM in a representative Iranian population after adjustment for age and sex. Studies with larger sample sizes and with participants from more diverse ethnical groups are needed to confirm our results.
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